Shape coexistence in odd-mass Au isotopes: Determination of the excitation energy of the lowest intruder state in 179Au  by Venhart, M. et al.
Physics Letters B 695 (2011) 82–87Contents lists available at ScienceDirect
Physics Letters B
www.elsevier.com/locate/physletb
Shape coexistence in odd-mass Au isotopes: Determination of the excitation
energy of the lowest intruder state in 179Au
M. Venhart a,b,∗, A.N. Andreyev a,c, J.L. Wood d, S. Antalic e, L. Bianco f,1, P.T. Greenlees g, U. Jakobsson g,
P. Jones g, R. Julin g, S. Juutinen g, S. Ketelhut g, M. Leino g, M. Nyman g,2, R.D. Page f, P. Peura g,
P. Rahkila g, J. Sarén g, C. Scholey g, J. Sorri g, J. Thomson f, J. Uusitalo g
a Instituut voor Kern- en Stralingsfysica, K.U.Leuven, B-3001 Leuven, Belgium
b Institute of Physics, Slovak Academy of Sciences, SK-84511 Bratislava, Slovakia
c School of Engineering, University of the West of Scotland, Paisley, PA1 2BE, and Scottish Universities Physics Alliance (SUPA), UK
d School of Physics, Georgia Institute of Technology, Atlanta, GA 30332-0430, USA
e Department of Nuclear Physics and Biophysics, Comenius University, SK-84248 Bratislava, Slovakia
f Department of Physics, Oliver Lodge Laboratory, University of Liverpool, Liverpool L69 7ZE, UK
g Department of Physics, University of Jyväskylä, FIN-40014 Jyväskylä, Finland
a r t i c l e i n f o a b s t r a c t
Article history:
Received 18 June 2010
Received in revised form 30 September
2010
Accepted 25 October 2010
Available online 29 October 2010
Editor: V. Metag
Keywords:
πh+19/2 and π f
+1
7/2 intruder structures around
N = 104
Isomer in 179Au
Phenomenon of the shape coexistence has been investigated in 17979Au100. This very neutron-deﬁcient
isotope, 18 neutrons away from the stable gold isotope 19779Au118, was studied by a combination of α-
decay and isomer-decay spectroscopy employing the ritu gas-ﬁlled separator and the great focal-plane
spectrometer at the University of Jyväskylä. A new isomer with t1/2 = 328(2) ns was observed and states






9/2 structures were revealed. The implications of these results
on the systematics of πh+19/2 and π f
+1
7/2 intruder structures in the odd-mass gold isotopes are discussed.
The minimum of the parabolic trend is at N = 104, i.e. exactly at the mid-shell point and the π f +17/2
structure is dropping in energy relative to the πh+19/2 with decreasing mass number.
© 2010 Elsevier B.V. Open access under CC BY license.1. Introduction
A fundamental issue in nuclear structure is the robustness of
the closed shells at 2, 8, 20, 28, 50, 82 and 126, which are of-
ten referred as magic numbers, as the proton or neutron number
takes an extreme value. This is currently under intense investi-
gation because of major advances in experimental accessibility to
nuclei very far from stability. Within the past decade, some nuclei
that were expected to exhibit the magic properties were found not
to be tightly bound [1]. On the other hand, new magic numbers,
e.g. N = 16 appeared in neutron-rich light nuclei [2,3].
A widely occurring structural feature of nuclei at and near
closed shells is intruder states [4–6]. These are states that intrude
across closed shells because their energies are dictated not only by
shell gaps but also by correlation energies resulting from chang-
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Open access under CC BY license.ing shell occupancies. The occurrence and detailed properties of
intruder states need to be thoroughly understood before any con-
clusions can be made regarding the breakdown of closed shells,
which are a pure independent-particle property of nucleons in the
nucleus.
The emerging picture of intruder state behavior is one of
shape coexisting structures that appear to exhibit an approximately
“parabolic” trend in energy [7], often centered near the mid-shell
point, e.g., N = 104 for nuclei at and near the closed proton
shell at Z = 82. This particular region is now known to manifest
widespread shape coexistence in both odd and even mass isotopes
[8–10].
In the past, the intruder states in odd-Au isotopes were the
subject of many experiments of different types, see e.g. [11–16]
and references therein. However, quantifying the energy trends of
these states beyond the neutron mid-shell has proved to be very
challenging. Previously, the most relevant data for odd-Au isotopes
with A  183 came from in-beam spectroscopy. There is a fur-
ther severe diﬃculty: the states of interest are often isomeric and
therefore their decay cannot be detected by in-beam spectrome-
ters. In consequence, most available data are for “ﬂoating” bands
of states (see, e.g., [11–13]), which give no quantitative information
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beam γ -ray spectroscopy revealed four rotational bands, but with
none of them connected to the ground state [12].
The present Letter reports on results of an experiment carried
out to study low-lying intruder states in 179Au (Eα = 5848 keV,
t1/2 = 7.1 s [17]). Although 179Au has been known since 1968 [18],
experimental information concerning its level structure is still lim-
ited, especially at low excitation energies. Hitherto, the low-lying
states were studied via the α–γ decay of 183Tlm [19], but only
with the construction of a very incomplete level scheme. In the
present study of 179Au the above diﬃculties are overcome by using
combinations of α-decay and isomer-decay spectroscopy together
with coincidences between low-energy γ rays and α particles.
2. Experimental details
The experiment was performed at the Accelerator Laboratory of
the University of Jyväskylä using the 78Kr + 107Ag → 185Bi∗ reac-
tion. A beam of 78Kr15+ ions with an average intensity of approx-
imately 90 particle nA was delivered by the K-130 cyclotron and
impinged on a target inducing fusion-evaporation reactions. Four
bombarding energies of 338, 343, 347 and 352 MeV at the cen-
tre of the target were used. Self-supporting metallic targets with a
thickness of 700 μg/cm2 were prepared from isotopically enriched
material of 107Ag (98.8% enrichment). To minimize deterioration of
the targets, they were mounted on a rotating wheel.
The evaporation residues (ERs) were separated from the pri-
mary beam and ﬁssion products by the gas-ﬁlled recoil separator
ritu [20] and implanted into the double-sided silicon strip detec-
tor (DSSD) of the focal-plane spectrometer great [21]. Standard
correlation techniques between ER implantations and subsequent
α decays were employed. K X rays and γ rays were detected by
a segmented planar HPGe detector, which was positioned down
stream from the DSSDs. The data were collected by a triggerless
Total Data Readout acquisition system [22]. A single stream of
time-stamped data was analyzed using grain software [23].
3. Experimental results
3.1. Identiﬁcation of 328(2) ns isomer in 179Au
Nuclei of 179Au were produced directly in α2p evaporation
channel of the above reaction. During the beam time, a total of
around 2.6 × 106 179Au nuclei were implanted into the DSSD. In
order to search for γ rays depopulating isomeric states in 179Au,
the characteristic α decay was used as a unique tag. Fig. 1(a) de-
picts a γ -ray singles energy spectrum which was acquired within
a time window of 2 μs after ERs were implanted into the DSSD.
Only ERs correlated with the α decay of 179Au with a maximum
correlation time of 15 s were accepted. The spectrum is dominated
by 62.4 and 89.5 keV transitions, which are known deexcitations of
states in 179Au [19]. The inset of Fig. 1(a) gives the sum of the time
distributions t(ER–γ ) between ER implantation and subsequent
γ ray emission of both prominent transitions seen in the γ -ray
singles spectrum. The half-life t1/2 = 328(2) ns, was determined
by ﬁtting the decay curve with a double-exponential function [24]
for the isomeric state which decays by 62.4 and 89.5 keV γ rays.
For more detailed analyses, the data were sorted into an
ER–[γ –γ ] matrix with t(ER–γ )  2 μs and t(γ –γ )  50 ns
conditions. Fig. 1(b) gives a spectrum projected from the γ –γ
matrix in coincidence with the 62.4 keV transition. Inspection of
Fig. 1(b) shows no evidence for coincidences between the 62.4 and
89.5 keV transitions. This is in disagreement with the level scheme
reported in [19], where the 62.4 and 89.5 keV lines are placed
in coincidence. Furthermore, a new γ line of 27.1 keV appears inFig. 1. (Colour online.) (a) Energy spectrum of γ -ray singles of [ER–γ ]–α (179Au)
events with time conditions of t(ER–γ ) 2 μs and t(ER–α) 15 s. The inset
gives the summed decay curve of the 62.4 and 89.5 keV transitions. The double-
exponential ﬁt of the curve is shown by the red line. (b) Spectrum projected from
the ER–[γ –γ ] matrix with a gate on the 62.4 keV transition. The peak marked with
an asterisk is due to beam contamination.
coincidence with the 62.4 keV transition. Moreover 27.1 and 62.4
sum to 89.5, therefore the 89.5 keV γ line is assigned as a parallel
transition to a 27.1–62.4 keV cascade.
3.2. α decay of 183Tlm
The excited states of 179Au can also be populated via the α
decay of 183Tlm (t1/2 = 53.3 ms [19]). In present experiment, nu-
clei of 183Tlm were produced via the 2p evaporation channel of
the 78Kr + 107Ag → 185Bi∗ reaction. The studied activity was em-
bedded in the silicon detector, so the measured α spectra suffered
from α–e− summing in the DSSD [25]. As a consequence, peak
broadenings or artiﬁcial peaks, which can be mistaken for real
ones, appear. This effect is signiﬁcantly reduced in experiments
with the sample placed outside of the silicon detector. There-
fore, to compare the spectra with and without α–e− summing,
we provide here an α spectrum from our recent experiment at
the mass-separator ISOLDE, see Fig. 2(a). In this experiment, to be
discussed elsewhere [26], a very clean sample of 183Tl was col-
lected on a thin carbon foil in front of the silicon PIPS detector. The
spectrum is dominated by a strong peak with Eα = 6334(11) keV.
This value is in agreement with previously reported values [19,27].
We emphasize that due to the speciﬁc technique used in the
ISOLDE experiment, the α–e− summing effect is weak. Therefore
the 6334 keV peak represents the strongest α-decay peak of 183Tl
(see discussion below and Fig. 3). The origins of the additional
peak components that lie on the high-energy side of this peak are
discussed below.
Fig. 2(b) depicts the two-dimensional ER–[α–γ ] spectrum from
RITU data with a time condition of t(α–γ ) 2 μs. The maximum
time for ER–α correlations was 300 ms. Inspection of Fig. 2(b)
shows the same 62.4 and 89.5 keV γ rays as were discussed above.
Fitting the summed t(α–γ ) distribution for the two transitions
(see the inset of Fig. 2(a)) yielded a half-life of 316(43) ns. The
agreement of this value with t1/2 = 328(2) ns, deduced above, in-
dicates that the α decay of 183Tlm feeds the same isomeric state
as was identiﬁed via direct production of 179Au.
The mass difference m = 6586(30) keV between the α de-
caying 183Tlm and 179Au ground state was calculated using tab-
ulated mass excesses [28,29] and compared with the value of
Qα = 6479(11) keV of the 6334 keV transition. Within experimen-
tal uncertainty, the difference between both values, which equals
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tails. (b) Two-dimensional α–γ spectrum of ER–[α–γ ] events from RITU data with
t(ER–α) 300 ms and t(ER–γ ) 2 μs. The inset gives the t(α–γ ) distribu-
tion for events which are denoted by dashed boxes. An exponential ﬁt of the decay
curve is shown by the red line. (c) The energy spectrum of α particles coincident
with 89.5 keV γ rays. (d) Same as in (c) but in coincidence with 62.4 keV γ rays.
107(32) keV leaves room for another transition to be in coin-
cidence with the 89.5 keV line. To elucidate this, the α transi-
tions in coincidence with the γ rays discussed above were stud-
ied.
The spectrum of α particles in coincidence with the 89.5 keV
transition, which is depicted in Fig. 2(c), shows only a single peak
with Eα = 6378(10) keV. The difference of 44(15) keV between
Eα = 6334(11) keV measured at ISOLDE is explained by the ef-
fect of α–e− summing in the DSSD. The narrow shape of the
spectrum in Fig. 2(c) suggests two or more low-energy transitions
follow the 6334 keV α decay, with their energies summing up to
44(15) keV. The scenario with only a single 44(15) keV transition
is excluded, as it would create a broadened shape of the spectrum,
which is not the case for the present data. On the other hand, if
two or more transitions are present, the energy of emitted con-
version electrons is reduced and therefore they are easily absorbed
in the DSSD with high probability. To lend a weight to this in-
terpretation, full GEANT4 Monte Carlo simulation including atomic
relaxation processes (Auger and Coster–Kronig electron emission
and X-ray ﬂuorescence) has been performed and the results are
given in Fig. 2(c), (d) in light blue. The shape of measured spec-
trum is well reproduced by the simulation.
As shown above, the 62.4 keV γ line is coincident with the
27.1 keV transition, which undergoes internal conversion with high
probability (see Section 3.3). The α–e− summing effect causes the
broadening of the peak as documented in Fig. 2(d). This is well
reproduced by GEANT4 simulation.
Above, the difference of 107(32) keV between δm(183Tlm–179Au)
and Qα of 6334 keV α decay was determined. Comparison withFig. 3. Partial level scheme of 179Au deduced from the present work. For 183Tl, the
values of t1/2 and bα from [30], Eα and Iα from [27] are shown. The hindrance
factor, HF was calculated relative to unhindered 0+ → 0+ decay of neighboring
even–even isotope, 182Hg. The mass excess m of 179Au was taken from [29]. The
m of the 183Tlm was calculated using the mass excess of 183Tl ground state taken
from [28] and the excitation energy of the α-decaying isomer from [26].
sum of energies 44(15) + 89.5 = 134(15) keV suggests that except
the unobserved “44 keV” no other transition is coincident with the
89.5 keV γ line – see proposed level scheme in Fig. 3.
3.3. Multipolarities and partial half-lives of transitions
As a beneﬁt of the high statistics in RITU data, the multipo-
larities of all three transitions involved in the decay of the 328ns
isomer could be determined unambiguously. The 89.5 keV transi-
tion is the only one above the K electron binding energy of Au
(BK = 80.7 keV [31]). Thus, the Au K X rays observed in Fig. 1(a)
are due to K conversion of the 89.5 keV transition only. An inter-
nal conversion coeﬃcient (ICC) for the K atomic shell, from the
ratio between K X-ray and 89.5 keV γ -ray intensities, was de-
duced to be αK = 0.48(9). This gives an E1 multipolarity for the
89.5 keV transition as the theoretical values are αK (E1) = 0.44,
αK (E2) = 0.68 and αK (M1) = 9.99 [32]. The total ICC of the
27.1 keV transition was determined by the formula for the num-
ber of expected 27.1–62.4 keV γ –γ coincidences:
Nγ γ = Nγ (62.4) × (27.1)
1+ αtot(27.1) ,
where Nγ (62.4) is the number of counts of 62.4 keV γ rays in the
singles spectrum and (27.1) is the absolute photopeak eﬃciency
of the HPGe detector for 27.1 keV γ rays. Based on the numbers
of Nγ (62.4) and Nγ γ (see Fig. 1(a), (b)) and taking into account
the simulated value of (27.1) from [33], a value of αtot = 72(15)
for the 27.1 keV transition is obtained. This establishes an M1
character for the 27.1 keV transition as theoretically αtot(E1) = 3,
αtot(M1) = 60 and αtot(E2) = 2557 [32]. The 62.4 keV transition
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The transition energies Eγ , intensities Iγ , multipolarities and reduced transition







27.1 1.9(2) M1 –
62.4 90.7(3) E1 1.88(1) × 10−6
89.5 7.4(3) E1 5.3(2) × 10−8
must be parity-changing, because the 62.4–27.1 keV cascade is par-
allel with the parity-changing 89.5 keV E1 transition. Therefore the
only possible multipolarity for the 62.4 keV transition is E1 as M2
and multipoles of higher order are ruled out because of the short
half-life of the isomer.
The partial half-life of the 62.4–27.1 keV decay path is 358(3) ns.
This rules out the possibility that the 27.1 keV M1 transition di-
rectly depopulates the isomer. In that case its reduced transition
probability, t1/2(Weisskopf)/t1/2(exp) = 1.39(1) × 10−6 would be
inconsistent with known systematics of M1 decays [34]. On the
other hand, for the 62.4 keV E1 transition, the reduced-transition
probability of 1.88(1) × 10−6 is obtained. This is consistent with
experimental values for known delayed E1 transitions [34,35].
Therefore it is the 62.4 keV E1 transition which deexcites the
328ns isomer and is followed by a fast 27.1 keV M1 transition
as shown in Fig. 3. The γ rays associated with the decay of the
328(2) ns isomer in 179Au are summarized in Table 1.
4. Discussion
4.1. π+1(h9/2 ⊕ f7/2) intruder structure
Since possible α–e− summing in the silicon detector is not dis-
cussed in Ref. [27], given Iα = 83% of the strongest α decay needs
to be regarded as a lower limit. This gives a reduced α-decay
width of δ2α > 30(7) keV, which is calculated for the 6334 keV
decay using the Rasmussen prescription with an assumption of
L = 0 decay [36]. Relative to δ2α = 59(4) keV for the unhin-
dered α decay of the neighboring even–even isotope 182Hg (t1/2 =
10.83(6) s, Eα = 5867(5) keV, bα = 15.2(8)% [37]) this gives a hin-
drance factor HF < 2.4, which suggests that the 6334 keV decay
is unhindered. As a consequence of this fact and also because of
the presumed assignment of 9/2− for 183Tlm [38], the 134(15) keV
state in 179Au, which is fed by the 6334 keV α decay of 183Tlm , is
assigned as 9/2− . It is likely that this 9/2− state is a band head
of the πh+19/2 band, which was discovered in the in-beam experi-
ment [12]. Bands based on πh+19/2 and π f
+1
7/2 conﬁgurations, which
are heavily mixed, were reported also in heavier odd-Au isotopes
– see, e.g., [13,39] and references therein. Note that the mixed
π+1(h9/2 ⊕ f7/2) prolate bands in odd-Au isotopes differ from the
strongly-coupled oblate bands based on the 9/2−[514] Nilsson or-
bital, which are known in odd-Tl isotopes [38].
Previously [12,19], based on known systematics of heavier Au
isotopes, the ground state of 179Au has been assigned as the 5/2−
member of the πh+19/2 intruder band. The same state is known to
be the ground state of 183,185Au [40,41] and it is interpreted as
the odd proton coupled to the 2+ rotational states of the pro-
late 2p–6h 182,184Pt cores. The 5/2− level is a typical example of a
rotation-aligned ( j − 2) state [42,43]. In both 183Au and 185Au, the
5/2− state is located only ∼10 keV below the 9/2− state [14,41].
In the present work, an excitation energy of 134(15) keV was de-
duced for the 9/2− state. Therefore an 5/2− assignment is unlikely
for the ground state of 179Au.
The ground state and ﬁrst excited state of 187, 189Au isotopes
are π s−1 and πd−1 structures, which are separated by 10 keV1/2 3/2Fig. 4. The band structure of the π+1(h9/2 ⊕ f7/2) negative-parity system in
179–187Au. The excitation energies are given relative to the energy of the 9/2− state,
which is denoted as  . The elusive 5/2− states in 179, 181Au are indicated with
dashed lines. Note that there is no evidence (nor indirect) for the 5/2− state in
181Au, but according to present systematics, it is expected to be localized in close
vicinity of the 9/2− level. The data are taken from [12,13,15,40,41].
(189Au) and 20 keV (187Au) [16]. In 181–185Au, the intruder struc-
tures become the ground state, but the energy difference between
the π s−11/2 and πd
−1
3/2 states remains similar to those in heavier
isotopes. The ground state and ﬁrst excited state of 179Au are con-
nected by an M1 transition, which implies  J = 1 and no parity
change. This is similar to the situation in 187, 189Au. Therefore, the
ground state and ﬁrst excited state of 179Au are assigned as π s−11/2
and πd−13/2 structures. From the present data it is impossible to es-
tablish the order of these two states.
Only a 1/2− or 3/2− assignment is possible for newly discov-
ered isomer reported here due to the E1 character of both tran-
sitions which depopulate it, see Fig. 3. Both the 1/2− and 3/2−
states are members of a mixed π+1(h9/2 ⊕ f7/2) band. Accord-
ing to calculations on the basis of the particle plus triaxial rotor
model [44], which were performed in [15], the 1/2− member of
the π+1(h9/2 ⊕ f7/2) band is expected to be situated above the
3/2− state. Therefore the isomer in 179Au is assigned as the 3/2−
state, which is interpreted as the rotation-aligned ( j − 2) state of
the f7/2 proton.
The systematics of known π+1(h9/2 ⊕ f7/2) bands in odd-A
Au isotopes are depicted in Fig. 4. Earlier it was shown that the
3/2− state systematically follows the 7/2− in the π f +17/2 band (see
Fig. 21 of Ref. [15]), which is very similar to the behavior as a
function of deformation of the 5/2− and 9/2− states in the πh+19/2
system. Therefore, in the isotope where the 5/2− state is located
below the 9/2− state, the 3/2− state can be expected below the
7/2− state. In 185Au, the 3/2− state is 72 keV below the 7/2−
state, whereas the 5/2− ground state is only 9 keV below the 9/2−
state. A similar situation occurs in 183Au. Since the π f +17/2 structure
is dropping in energy relative to the πh+19/2 structure with decreas-
ing neutron number, see Fig. 4, the 3/2− and 5/2− states cross
between 183Au and 181Au, as deduced from the α-decay pattern of
181Au [45]. Prior to the present study no explanation of the change
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(Z = 82), Tl (Z = 81), Hg (Z = 80) and Au (Z = 79) isotopes with even neutron
number. The energies of Kπ = 0+ (Pb and Hg), 9/2−[514] (Tl) and πh+19/2 (Au) ex-
cited states are given. The energies of πh+19/2 structures in odd-Au isotopes are given
relative to the π s−11/2 state. The excited 0+ states are not known in 178, 180Hg; the
given excitation energies were inferred from the structure of the prolate Kπ = 0+
rotational band [48,49]. No quantitative information on the πh+19/2 state in 181Au is
available, but it is expected to follow the indicated parabolic trend. The data are
taken from Nuclear Data Sheets.
of the ground-state assignment from 5/2− in 183, 185Au to 3/2− in
181Au was given. The 3/2− state is also expected to stay below
the 5/2− state in 179Au, since the π f +17/2 and πh
+1
9/2 structures are
even closer in 181Au [12]. This supports the 3/2− assignment of
the 328(2) ns isomer in 179Au. An extended discussion on the sys-
tematics of the π+1(h9/2 ⊕ f7/2) bands in odd-A Au and Ir isotopes
will be given in forthcoming article [46].
From the present data it is inferred that the 9/2− state de-
cays via two (or more) strongly converted transitions to the 3/2−
isomer. This can be explained by the presence of a 5/2− state,
which could not be directly observed, situated between the 3/2−
isomer and the 9/2− level. The low-energy, in-band E2 transitions
from the 9/2− to the 5/2− state are known in 185Au [40] and
185Ir [47]. A B(E2) value of ∼200 W.u. was determined in both
cases, which clearly demonstrates the collective nature of these
transitions. Adopting this B(E2) value for 179Au, a half-life <10 ns
is expected for the 9/2− state, which is in agreement with the
present data, since an α–e− summing effect was observed. The
elusive 5/2− state would decay via a fast collective M1/E2 tran-
sition to the 3/2− isomer. Summing in the DSSD of these strongly
converted transitions with the 6334 keV α decay does not allow
coincidences to be established between this α decay and the γ
rays emitted in the decay of the 3/2− isomer. Direct decay of the
9/2− state to 1/2+ , 3/2+ or 3/2− states is excluded as it requires
a large change in spin and thus a retarded transition.
4.2. Intruder states in Z  82 and N ∼ 104 region
Prior to this study, reliable identiﬁcation of low-lying structures
in the odd-mass Au isotopes was limited to 183Au and heavier iso-
topes [14,16,15]. In-beam γ -ray spectroscopy has identiﬁed ﬂoat-
ing bands, i.e., bands of unknown excitation energy [11–13], prob-
ably built on intruder conﬁgurations, but such information does
not quantify the excitation energies of the intruder states. The sys-
tematics of the πh+19/2 in the odd-Au isotopes is depicted in Fig. 5
by the ﬁlled squares. The excitation energy is given relative to the
π s−11/2 structure, which emerges to be constant in odd-mass Au iso-
topes [16]. The present results for 179Au, together with previously
known data for 183–187Au unambiguously establish that the low-est intruder state in the odd-A Au isotopes reaches a minimum at
183Au, i.e. exactly at the neutron mid-shell point, even in the ab-
sence of quantitative information for 181Au. This is important for
the global view that intruder states exhibit a parabolic energy pat-
tern with a minimum at or near mid-shell points.
The trend in Au isotopes can be compared with the Hg and
Pb isotopes where the intruding, deformed structure (a Kπ = 0+
band) reaches a minimum energy in 182Hg (N = 102) and 186Pb
(N = 104) [4], see Fig. 5. Also, this trend can be compared with
the odd-Tl isotopes where the intruding, deformed structure (a
Kπ = 9/2− band) reaches a minimum energy in 189Tl (N = 108)
[50]. This shifting pattern of the parabolic minimum, asymme-
try and steepness, combined with evidence of multiple intruder
structures [8,14,15], suggests that a very rich spectrum of intruder
states remains to be discovered in this mass region and, by im-
plication, in other regions that have been less well studied. Fur-
ther spectroscopic elucidation of these states is highly demanding.
Such experiments should involve unambiguous identiﬁcation of the
E0 transitions, which provide model-independent signature of the
mixing (and thus repulsion) of conﬁgurations with different defor-
mation [51,52].
The quantiﬁcation of the excitation energies of coexisting in-
truder structures, particularly their nucleon number dependence,
will demand that theory moves beyond mean-ﬁeld descriptions
to quantify the speciﬁc nucleon number dependence. Only in this
way will we have a reliable framework within which questions
of the appearance and disappearance of closed shells can be ad-
dressed.
5. Summary
In this Letter a new isomeric state in the neutron-deﬁcient iso-
tope 179Au has been observed for the ﬁrst time. The high statis-
tics obtained along with the combination of α-decay and iso-
mer spectroscopy, revealed the states associated with the π s−11/2,
πd−13/2 structures and established the excitation energy of πh
+1
9/2
and π f +17/2 intruder states. The data extend the parabolic trend of
the lowest intruder state in Au isotopes (πh+19/2) to neutron number
N = 100. The minimum of the parabolic trend is unambiguously
established at N = 104. The descent of the π f +17/2 structure relative
to the πh+19/2 structure with decreasing mass number is discussed
and it explains the change of the ground-state assignment from
5/2− in 183Au to 3/2− in 181Au. Signiﬁcant features such as the
shifting of the minimum of the intruder parabolic trend in dif-
ferent elements or evolution of the π+1(h9/2 ⊕ f7/2) band along
odd-Au isotopic chain will require further experimental and theo-
retical studies.
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